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Morphometric analysis of oculomotor triangle in dry 
human skulls and its clinical applications

Abstract

The oculomotor triangle is denoted as the “Triangle of Hakuba” or the “Hakuba’s 
Triangle.” This oculomotor triangle is a significant anatomical landmark. Oculomotor 
nerve, abducens nerve and part of the internal carotid artery (ICA) lie in this triangle. The 
determination of this analysis is to calculate the oculomotor triangle in dry processed 
skull bones of the south Indian population and its clinical significance. Fifty‑one 
processed skulls of human origin were received from Anatomy Department, Basic 
Medical Sciences, Saveetha Dental College. Length from anterior–clinoid process (ACP) 
to posterior–clinoid process (PCP), length from PCP to APEX, and length from ACP 
to APEX were measured. Paired samples t‑test was considered to analyze the values 
between the right triangle with the left triangle. From the measurements taken, the 
mean for the left side of the oculomotor triangle, ACP to PCP was 8.0591 ± 0.52 mm 
and the right side was 7.5482 ± 0.52 mm. The mean left side of the oculomotor triangle, 
measured from PCP to APEX was 6.73 ± 0.48 mm and the right side was 6.55 ± 0.72 mm. 
The mean of the left side of the oculomotor triangle, measured from ACP to APEX was 
15.94 ± 0.682 mm and the right side was 16.21 ± 0.747 mm. Through this paired triangle 
of the cranial cavity, the horizontal section of ICA may be correlated with numerous 
vascular‑related pathological considerations.
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INTRODUCTION

The oculomotor triangle is denoted as the “Triangle of 
Hakuba” or the “Hakuba’s Triangle.” This oculomotor 
triangle is a significant anatomical landmark. Many cranial 
nerves such as oculomotor nerve, abducens nerve, and 

horizontal vascular section of the internal carotid artery 
(ICA) lie in this triangle.[1] It is created by the upper part 
of the cavernous venous sinuses and folds of the dura: 
bounded laterally with petroclinoid fold (anterior) and the 
base by petroclinoid fold (posterior) and medially with the 
interclinoid fold. The purpose of this investigation is to 
evaluate the oculomotor triangle in dry processed skull bones 
of the south Indian population and its clinical significance.

Oculomotor bony triangle is important for locating and 
treating cancers present in medial-oriented aspect of the paired 
cavernous venous sinus and the lesions of the interpeduncular 
region.[2] The size and width of this medial triangle vary in 
little alterations.[3,4] The lesions are anatomical variations. 
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When these lesions are located in the deep interpeduncular 
regions, it is difficult to clear these. By this medial triangle, 
the horizontal cavernous part of ICA could be seen for many 
vascular-related diseases and has significant association with 
vascular dilations (aneurysms) which forms the junction 
of posterior-communicating arteries.[5] The dural venous 
channels of the cavernous sinus at posterior-most aspect 
communicate with the posterior-most turn of cavernous 
portion of ICA along with the root of meningohypophyseal 
trunk, interclinoid ligament, and proximal intercavernous 
pathway of abducens nerve Cranial Nerve VI (CN VI).[6] Our 
research studies and information have caused good quality 
impact article publications from our team.[7-21]

The third and the fourth cranial nerve known as oculomotor 
and trochlear nerves (CN-III and CN-IV) in the superior 
wall area enter the cavernous dural venous sinus.[2] Several 
bony triangles were observed and analyzed in the cranial 
cavity for their clinical implications. All such observations 
provide a detailed insight into the morphometric variations 
between male and female sex and also between the right 
and left sides of the individuals which are useful for the 
clinicians and surgeons involved in the region concerned. 
Our scientist experts with their encompassing information, 
research experience, and data have transformed into 
several publications globally in well-reputed indexed 
journals.[22-34] The purpose of the investigation is to analyze 
the oculomotor triangle in dry processed skull of the south 
Indian population and its clinical significance.

MATERIALS AND METHODS

The present research work was done in the Anatomy 
Department, Basic Medical Sciences, Saveetha Dental 
College. The institutional research board and the 
Institutional Human Ethics Committee permitted the study 
with ethical clearance number: IHEC/SDC/ANAT/21/219. 
The parameters included are the length of margins of 
the oculomotor triangle on the left and right aspects of 
the cranial cavity. Measurements are taken with a digital 
vernier caliper. A number of people involved were two 
(one investigator and principal investigator). The sample 
was taken from 51 dry human skulls. Sampling bias was 
minimized by doing random sampling. Internal validity 
is carried out by excluding abnormal and broken skulls 
from the study. The length from process of anterior clinoid 
to process of posterior clinoid (ACP to PCP), process of 
posterior clinoid to pointed summit of the petrous portion 
of bone temporal (PCP to APEX), and process of anterior 
clinoid to pointed apex of petrous portion of the temporal 
cranial bone (ACP to APEX) was measured.

Statistical analysis
Data obtained have been tabulated using Microsoft Excel (MS 
Excel format). Data were then imported to  SPSS software 
developed by IBM using the version SPSS, 23.0 (IBM SPSS 

(Statistical Package for the Social Sciences) statistical software, 
Chicago). Paired samples t-test has been utilized to analyze 
all values between the right triangle with the left triangle.

RESULTS

The morphometric measurements of the oculomotor 
triangle in the cranial cavity are shown in Figures 1 and 2. 
From the measurements taken, the mean for the left side of 
the oculomotor triangle, measured from ACP to PCP was 
8.0591 ± 0.52 mm. The mean value of the right aspect of 
the oculomotor triangle, measured from ACP to PCP was 
7.5482 ± 0.52 mm. The mean for the left side of the oculomotor 
triangle, measured from PCP to APEX was 6.73 ± 0.48 mm. 
The mean value of the right aspect of the oculomotor triangle, 
measured from PCP to APEX was 6.55 ± 0.72. The mean for 
the left side of the oculomotor triangle, measured from ACP 
to APEX was 15.94 ± 0.682 mm. The mean for the right side 
of the oculomotor triangle, measured from ACP to apex of 
the petrous bone (ACP to APEX) was 16.21 ± 0.747 mm. The 
morphometric measurements of various parameters of the 
oculomotor triangle are portrayed in Figure 3.

No significantly mentionable difference observed between 
left and right side measurements from ACP to PCP as 
P = 0.202 (P > 0.05) that was found to be not statistically 
significant. There was a significant difference among the left 
and right side measurements from the PCP to the APEX of 
the petrous bone as P = 0.003 (P < 0.05) that are established 
as statistically well significant. There was no significant 
difference between left and right side measurements from 
ACP to APEX of the petrous bone as P = 0.63 (P > 0.05) that 
are established as not statistically significant. The readings 
are denoted in Table 1.

DISCUSSION

The left and right side values do not significantly vary for the 
measurements of the process of anterior–clinoid to posterior–

Figure 1: The left oculomotor triangle in the cranial cavity
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The triangles are symmetrical with identical bilateral 
measurements, and the entry point of the cranial nerves are 
consistent. In the reported 17 cases, the dehiscence of sella 
diaphragm was seen in 15 cases and the string-like bonds at 
the stalk of pituitary gland was seen in 2 cases.[36] The greater 
superficial petrosal nerve is the best landmark for finding the 
position of the carotid canal in the petrous bone. The canal runs 
parallel below the nerve. Many morphometric measurements 
of the optic canal, carotid canal, ACP, and their anatomical 
variants are given in an area. Computed tomography (CT) 
scans need to be done using the thinnest slicing techniques.[37,38]

Future scope
The present study was done in dry human skulls. Further 
studies can be done in radiographic and CT scanned images 
for more accuracy which can be extrapolated for clinical 
significance.

Limitations
The disadvantage of craniometric analysis is that skulls from 
different geographical regions are not included in the study.

CONCLUSION

Through this paired triangle of the cranial cavity, the 
horizontal part of ICA can be correlated with numerous 
vascular-related pathological considerations. The study of 
this oculomotor triangle helps in many tumor clearances 
and has a huge clinical significance. The morphometric 
analysis of the oculomotor triangle is used to cure many 
tumors in the ICA; it also helps in viewing the oculomotor 
nerve and has many clinical implications; it is also a 
significant anatomical landmark.

Table 1: The correlation of  craniometric findings 
of the right and left side dimensions of the 
oculomotor triangle
Parameters (mm) Correlation Significance
Pair 1

(Left) ACP to PCP 0.417 0.202
(Right) ACP to PCP

Pair 2
(Left) PCP to APEX 0.806 0.003
(Right) PCP to APEX

Pair 3
(Left) ACP to APEX 0.578 0.063
(Right) ACP to APEX

ACP: Anterior–clinoid process, PCP: Posterior–clinoid process

clinoid and process of anterior–clinoid to apex of petrous 
bony part. It significantly varies for the measurements 
from the process of posterior–clinoid to the apex of the 
petrous bony part. The mean measured values of medial, 
lateral, and base portions are 10.4 mm × 16.1 mm × 12.2 mm, 
respectively. The length and width of the oculomotor 
triangle vary slightly in mm, 9.6 mm × 16.3 mm × 13.8 mm. 
From this study, the value of the oculomotor triangle differs 
by 8.5 mm × 15.9 mm × 6.7 mm. These are the triangles 
that help in the penetration of the cranial nerves 3rd, 4th, 5th, 
and 6th with respect to PCP and ACP and tuberculum and 
dorsum sellae.[35]

On correlation of morphometric measurements of the 
right triangular and left triangular side dimensions of 
the oculomotor triangle, showed that there was observed 
no statistical traits of significance (P < 0.05) between the 
right side to the left side of the triangle, and there was 
no correlation between the two sides when compared 
between left and right ACP to PCP and between the left 
and right ACP to APEX. There was a correlation between 
left and right PCP to APEX which was statistically 
significant.

Figure 2: The measurement of the left oculomotor triangle using 
vernier caliper

Figure 3: Bar graph shows the morphometric measurements of the 
mean length of the right and left oculomotor triangle from three 
coordinates, ACP to PCP (Point “A”), PCP to APEX (Point “B”), 
and ACP to APEX (Point “C”). Blue represents the left side and Red 
represents the right side. The X‑axis signifies the various dimensions 
of the triangle and the Y‑axis signifies the measurements in mm. All 
the readings are stated as mean ± standard deviation. On comparing 
the three coordinates, the right and left PCP to APEX in the student’s 
t‑test, showed P = 0.003 (P < 0.05) indicated statistically significant. 
ACP: Anterior‑clinoid process, PCP: Posterior–clinoid process



Krishna and Mohanraj: Analysis of oculomotor triangle and its clinical implications

S205Journal of  Advanced Pharmaceutical Technology & Research | Volume 13 | Supplement 1 | November 2022

Acknowledgment
We thank Saveetha Dental College for providing all research 
facilities in carrying out this study.

Financial support and sponsorship
The present study was supported by the following agencies,
• Saveetha Dental College and Hospitals
• Saveetha Institute of Medical and Technical Sciences 

(SIMATS), Saveetha University
• Arora Multispeciality Dental Hospital and Implant 

Centre, Bhilai.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Hakuba A, Tanaka K, Suzuki T, Nishimura S. A combined 
orbitozygomatic infratemporal epidural and subdural approach 
for lesions involving the entire cavernous sinus. J Neurosurg 
1989;71:699-704.

2. Day JD, Fukushima T, Giannotta SL. Innovations in surgical 
approach: Lateral cranial base approaches. Clin Neurosurg 
1996;43:72-90.

3. Umansky F, Valarezo A, Elidan J. The superior wall of the cavernous 
sinus: A microanatomical study. J Neurosurg 1994;81:914-20.

4. Umansky F, Nathan H. The lateral wall of the cavernous sinus. 
J Neurosurg 1982;56:228-34.

5. Kashimura H, Takeda M, Chida K, Murakami T. Microsurgical 
clipping for the true posterior communicating artery aneurysm 
in the distal portion of the posterior communicating artery. Surg 
Neurol Int 2015;6:101.

6. Youssef AS, Abdel Aziz KM, Kim EY, Keller JT, Zuccarello M, 
van Loveren HR. The carotid-oculomotor window in exposure of 
upper basilar artery aneurysms: A cadaveric morphometric study. 
Neurosurgery 2004;54:1181-9.

7. Kumar SP, Girija AS, Priyadharsini JV. Targeting NM23-H1-mediated 
inhibition of tumour metastasis in viral hepatitis with bioactive 
compounds from Ganoderma lucidum: A computational study. Pharm Sci 
2020;82 :300-5. Available from: https://www.ijpsonline.com/articles/
targeting-nm23h1mediated-inhibition-of-tumour-metastasis-in 
-viral-hepatitis-with-bioactive-compounds-from-ganoderma 
-lucidum-a-comp-3883.html. [Last accessed on 2021 Dec 16].

8. Manickam A, Devarasan E, Manogaran G, Priyan MK, 
Varatharajan R, Hsu CH, et al. Score level based latent fingerprint 
enhancement and matching using SIFT feature. Multimed Tools 
Appl 2019;78:3065-85.

9. Ravindiran M, Praveenkumar C. Status review and the future 
prospects of CZTS based solar cell – A novel approach on the device 
structure and material modeling for CZTS based photovoltaic 
device. Renew Sustain Energy Rev 2018;94:317-29.

10. Vadivel JK, Govindarajan M, Somasundaram E, Muthukrishnan A. 
Mast cell expression in oral lichen planus: A systematic review. 
J Investig Clin Dent 2019;10:e12457.

11. Ma Y, Karunakaran T, Veeraraghavan VP, Mohan SK, Li S. Sesame 
inhibits cell proliferation and induces apoptosis through inhibition 
of STAT-3 translocation in thyroid cancer cell lines (FTC-133). 
Biotechnol Bioprocess Eng 2019;24:646-52.

12. Mathivadani V, Smiline AS, Priyadharsini JV. Targeting 
Epstein-Barr virus nuclear antigen 1 (EBNA-1) with Murraya koengii 
bio-compounds: An in‑silico approach. Acta Virol 2020;64:93-9.

13. Happy A, Soumya M, Venkat Kumar S, Rajeshkumar S, 

Sheba RD, Lakshmi T, et al. Phyto-assisted synthesis of zinc oxide 
nanoparticles using Cassia alata and its antibacterial activity against 
Escherichia coli. Biochem Biophys Rep 2019;17:208-11.

14. Prathibha KM, Johnson P, Ganesh M, Subhashini AS. Evaluation 
of salivary profile among adult type 2 diabetes mellitus patients 
in South India. J Clin Diagn Res 2013;7:1592-5.

15. Paramasivam A, Vijayashree Priyadharsini J. Novel insights into 
m6A modification in circular RNA and implications for immunity. 
Cell Mol Immunol 2020;17:668-9.

16. Ponnanikajamideen M, Rajeshkumar S, Vanaja M, Annadurai G. 
In vivo type 2 diabetes and wound-healing effects of antioxidant 
gold nanoparticles synthesized using the insulin plant Chamaecostus 
cuspidatus in albino rats. Can J Diabetes 2019;43:82-9.e6.

17. Priyadharsini JV, Vijayashree Priyadharsini J, Smiline Girija AS, 
Paramasivam A. In silico analysis of virulence genes in an emerging 
dental pathogen A. baumannii and related species. Arch Oral Biol 
2018;94:93-8.

18. Anita R, Paramasivam A, Priyadharsini JV, Chitra S. The m6A 
readers YTHDF1 and YTHDF3 aberrations associated with 
metastasis and predict poor prognosis in breast cancer patients. 
Am J Cancer Res 2020;10:2546-54.

19. Vigneshwaran S, Sundarakannan R, John KM, Joel Johnson RD, 
Prasath KA, Ajith S, et al. Recent advancement in the natural 
fiber polymer composites: A comprehensive review. J Clean Prod 
2020;277:124109.

20. Nambi G, Kamal W, Es S, Joshi S, Trivedi P. Spinal manipulation 
plus laser therapy versus laser therapy alone in the treatment of 
chronic non-specific low back pain: A randomized controlled study. 
Eur J Phys Rehabil Med 2018;54:880-9.

21. Mohanavel V, Ashraff Ali KS, Prasath S, Sathish T, Ravichandran M. 
Microstructural and tribological characteristics of AA6351/Si3N4 
composites manufactured by stir casting. J Mater Res Technol 
2020;9:14662-72.

22. Sekar D, Lakshmanan G, Mani P, Biruntha M. Methylation-dependent 
circulating microRNA 510 in preeclampsia patients. Hypertens Res 
2019;42:1647-8.

23. Princeton B, Santhakumar P, Prathap L. Awareness on 
preventive measures taken by health care professionals 
attending COVID-19 patients among dental students. Eur J Dent 
2020;14:S105-9.

24. Logeshwari R, Rama Parvathy L. Generating logistic chaotic 
sequence using geometric pattern to decompose and recombine 
the pixel values. Multimed Tools Appl 2020;79:22375-88.

25. Johnson J, Lakshmanan G, Biruntha M, Vidhyavathi RM, 
Kalimuthu K, Sekar D. Computational identification of 
MiRNA-7110 from pulmonary arterial hypertension (PAH) ESTs: 
A new microRNA that links diabetes and PAH. Hypertens Res 
2020;43:360-2.

26. Paramasivam A, Priyadharsini JV, Raghunandhakumar S, 
Elumalai P. A novel COVID-19 and its effects on cardiovascular 
disease. Hypertens Res 2020;43:729-30.

27. Pujari GR, Subramanian V, Rao SR. Effects of Celastrus paniculatus 
Willd. and Sida cordifolia Linn. in Kainic acid induced hippocampus 
damage in rats. Ind J Pharm Educ 2019;53:537-44.

28. Rajkumar KV, Lakshmanan G, Sekar D. Identification of miR-802-5p 
and its involvement in type 2 diabetes mellitus. World J Diabetes 
2020;11:567-71.

29. Ravisankar R, Jayaprakash P, Eswaran P, Mohanraj K, Vinitha G, 
Pichumani M. Synthesis, growth, optical and third-order nonlinear 
optical properties of glycine sodium nitrate single crystal for photonic 
device applications. J Mater Sci Mater Electron 2020;31:17320-31.

30. Barma MD, Muthupandiyan I, Samuel SR, Amaechi BT. Inhibition 
of Streptococcus mutans, antioxidant property and cytotoxicity of 
novel nano-zinc oxide varnish. Arch Oral Biol 2021;126:105132.



Krishna and Mohanraj: Analysis of oculomotor triangle and its clinical implications

S206 Journal of  Advanced Pharmaceutical Technology & Research | Volume 13 | Supplement 1 | November 2022

31. Vijayashree Priyadharsini J. In silico validation of the non-antibiotic 
drugs acetaminophen and ibuprofen as antibacterial agents against 
red complex pathogens. J Periodontol 2019;90:1441-8.

32. Uma Maheswari TN, Nivedhitha MS, Ramani P. Expression profile 
of salivary micro RNA-21 and 31 in oral potentially malignant 
disorders. Braz Oral Res 2020;34:e002.

33. Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement 
of the maximum occlusal bite force and its relation to the caries 
spectrum of first permanent molars in early permanent dentition. 
J Clin Pediatr Dent 2020;44:423-8.

34. Chaturvedula BB, Muthukrishnan A, Bhuvaraghan A, Sandler J, 
Thiruvenkatachari B. Dens invaginatus: A review and orthodontic 
implications. Br Dent J 2021;230:345-50.

35. Meybodi AT, Gandhi S, Mascitelli J, Bozkurt B, Bot G, Preul MC, 

et al. The oculomotor-tentorial triangle. Part 1: Microsurgical 
anatomy and techniques to enhance exposure. J Neurosurg 
2019;130:1426-34.

36. Prescher A, Brors D, von Ammon K. New anatomical description 
of the cavernous sinus surface and its significance in microsurgery. 
Skull Base Surg 1997;7:183-91.

37. Narolewski R. Significance of anatomic variants of bony 
surroundings of the internal carotid artery and their significance 
for lateral surgical approaches to the cavernous sinus. Ann Acad 
Med Stetin 2003;49:205-29.

38. Perneczky A, Knosp E, Zohdi A. Surgery of vascular lesions in the 
cavernous sinus. In: Surgery of the Sellar Region and Paranasal 
Sinuses. Berlin, Heidelberg: Springer; 1991. p. 494-501. Available 
from: http://dx.doi.org/10.1007/978-3-642-76450-9_79. [Last 
accessed on 2019 Apr 12].


